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Abstract 
Wheat flour-water mixture is widely used for the manufacturing of various food products such as bread 
and noodle. Normally, starch based food starts with 2 major operations: mixing and kneading. Mixing is 
processing where all the ingredients are homogeneously mixed. Kneading is the process of developing the gluten 
in the flour and the hydration phase occur concomitantly with the mechanical energy response to shear 
deformation. Hydration plays a major role in modifying the protein structure in the dough, which dough is 
malleable substance made by mixing flour with other ingredients. Moreover, in the thermal processing of starch 
based food, starch gelatinization is greatly affected by the amount of water. The dough should be well mixed to 
combine the ingredients including water uniformly, as well as, effectively developing the gluten. If this is not 
done, the properties and texture of the product will suffer. Therefore, the process of dough preparation has much 
influence on the resulting product. Hence, it is very important to understand the physical changes occurring in 
the dough during mixing or kneading. Mixing and kneading conditions such as the revolution speed, time, and 
rotation coefficient during mechanical treatment effect on dough development. The effect of mixing conditions 
on wheat flour dough has been widely studied, but these are studies focus on the rheological properties of dough, 
which effect on baking characteristics. Moreover, different energy inputs during mixing or kneading caused 
changes in dough consistency. Most papers published on the relationship between energy input and dough 
characteristics use well-known mixers such as a Sigma kneader, X blade mixer, and farinograph. The planetary 
motion-type vertical mixer used in our experiment; however, it requires advanced technology and operational 
expertise. The techniques and expertise necessary for obtaining stable quality products cannot be analyzed 
theoretically. Thus, to determine the optimal operational method, there is a need for quantitative analysis of the 
use of a planetary mixer in mixing and kneading. In this research, we used a special machine which it can conduct 
the energy through mixing or kneading. In addition, we used low-field NMR (Nuclear Magnetic Resonance) for 
determining changes water mobility of the water in the mixtures. Thus, the experiment and analysis presented 
in this work we focus on bread dough for the case study but not only for bread making. In addition, we focus on 
the mixing or kneading process which some products do not use kneading. However, every product has to start 
from mixing which flour and water must well mix together.  
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In chapter 2, we investigated the relationship between the state of wheat flour–water systems and the 
mechanical energy during mixing. We measured the color changes in the systems using a color difference meter 
from colorimeter compared with computer vision system (CVS method) by adding caramel color reagent (5% 
v/v in distilled water) as the indicator and measured the spin-spin relaxation time (T2) by a low-field 1H NMR 
technique to get the convenience method. The mixing progress presented in terms of an “action number”. The 
net energy increased with increasing the action number that is according to the progress of mixing. The inflection 
point at the ‘action number’ of 408 showed the net power of 0.8 kJ. The resulted of appearance the mixture 
related to the inflection point of the energy analysis. Before inflection point (action number = 0-408), water 
disperses evenly throughout the flour. After the inflection point (action number > 408), the mixture begins to 
agglomerate in the later stage of mixing. Whereas the result of b* and C values have turning point at an energy 
of 0.8 kJ which resulted both of methods for study the color changes in system were same resulted. And this 
behavior was consistent with the NMR T2 relaxation data. These results suggested that the monitoring of the 
color change could be used as a good indicator for identifying the state of mixing flour–water systems. 
In chapter 3, we investigate the structure of the mixture during mixing and kneading by using the infrared 
moisture analyzer. We try to use the method that rapid and suitable for investigating the structural property of 
wheat flour-water system under the mixing/kneading, everyone can use in the food factory. Therefore, we have 
an idea to use drying rate for getting information and prediction structure. In mixing state, drying rate in the 
early stage was rapidly decreased but after action number 408 quite constant and have inflection point at action 
number 408. The results were consistent with the results of appearance, color, and NMR relaxation data. 
Moreover, when compare whiteness of mixing and kneading found that cannot express a structural change by 
kneading. This suggests that state of wheat flour and water system in mixing and kneading were different. In 
kneading state, the mixture begins to agglomerate after action number of 136. The results of density and NMR 
relaxation data in kneading state consist with drying rate. Moreover, we observed the cross-section of the mixture 
by using X-ray CT found that consisted of the result drying rate. Therefore, drying method could be used to 
investigate the structure during mixing and kneading state. 
In chapter 4, study the effect of mechanical energy on water mobility during mixing and kneading in a 
variety of flour such as wheat flour (high and low protein), wheat starch, and corn starch. Protein has the effect 
on the energy only in kneading. Moreover, net power from mixing and kneading was different. In case of flour, 
net power increased and after inflection point, it slightly decreases and constant. In case of starch, both of mixing 
and kneading were constant during the process. This mean starch cannot detect the energy analysis. Therefore, 
we study only in wheat flour (low and high proteins). The inflection point at the ‘action number’ of 70 showed 
the net power of 0.3 kJ in case of wheat flour (low protein). This suggests that inflection point of wheat flour in 
low and high protein were different. However, the resulted of density, color, and NMR cannot detect differently 
the mixture from wheat flour (low protein). These results suggested that energy analysis (net power) is a useful 
method to use for the separate appearance of the mixture during mixing and kneading process.  
In conclusion, the mechanical energy analysis (net power) during mixing and kneading is useful 
for identifying the state of the flour/water system, and it is found that it agrees with the state change evaluated 
from the color monitoring and the analysis of NMR relaxation time. Color monitoring, drying method, and 
energy analysis is convenience method for using in the food industry. Moreover, overall data obtained this 
research will give a useful tool and information to understand the physical changes in the state of wheat flour–
water. 
 
 
 
 
